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(57) Abstract 

•„:.o««r ran havine a cylindrical housing (24), an 
A wet electrostatic P««prtatoi (20) having a cy ; zed spray , in . 

inlet in an upper portion (22) « < 16 > f ° ^TnTe outer electrode (31) is 
ner and outer concentric electrodes (35A, 31) whe rer n tne 
in the form of a collector tube ; whicl i -J^Jd by top whichis 
«w n :; ^^3Wii«- to the interior of the hous- 
ing (24). 
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Description 
WET ELECTROSTATIC PRECIPITATOR 
AND METHOD OF USING SAME 

■ecjmlsal F * e 

The present invention relates generally to an 
electrostatic apparatus and method for removing 
particulates from fluid streams. The invention more 
particularly relates to a new and improved wet 
electrostatic precipitator, and method of operating same, 
for more efficient and effective particle removal. 

T»»fVgroM «d Art 

Electrostatic precipitators have been employed for 

removal of particulates in waste fluids. Typically, the 
precipitators include concentric electrodes in the form 
of an electrically conductive rod or mast disposed withxn 
15 an electrically conductive collector tube. A high 
voltage discharge between the electrodes ionizes 
particles from the waste fluid. 

For a disclosure of various different precipatators 
reference may be made to U.S. patents 2,748,888; 
4 194,888; 4,389,225; and 4,675,029. While the 
precipitators disclosed in the foregoing patents may have 
been satisfactory for some applications, they have 
suffered from certain drawbacks. In the first place, 
conventional electrostatic precipitators require unduly 
excessive amounts of electrical energy and are, 
therefore, unnecessarily expensive to operate. This xs 
especially the case when very small particles, in the 
submicron range, are to be removed from a waste gas 

30 stream. . 

in view of the foregoing, it would be highly 
desirable to have an electrostatic system for removing 
very small particles from waste gas streams in an 
efficient manner, without requiring unduly large amounts 

35 of power consumption- 
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- u , ste oas are being treated, 
When large volumes of waste gas 
wum-unifor- and weak electrical fields present an even 

r e p'blem. Thus, in large capacity systems for 
! large volumes of gas, there is even a greater 

handlxng large vox reticle removal 

=tr rrr =ri-~ - . 

highly efficient ana effective system. 

In general, th ^° n ^"^ be useful wi th regard 
precipitators described above may proble m 
to handling large volumes of waste gas. ™« *robl^ 
relates to the construction and conf iguration of «- 
relates regard, the foregoing mentioneo 
inner electrode. In this rega , 
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D rior known electrodes employ various different 
prior Known i nn er electrode mast, in a 

eroiections extending along an inner 

P _ relative to an outer collection 

spaced apart manner, relative 

- ^cing is critical^ - ^e^ectrode. . 
prostatic discharg to ^ ^ ^ ^ ^ 
However, the projection , through the 

» desirable uniform electrostatic field 
to increase particle removal fro- the gas. 

in view of the foregoing, it would be highly 
desirable to have an inner electrode disposed in such a 
If Relative to the outer electrode to decreas. the 
manner relative to therethrough, and 

inpedance presented to the now o « 
at the same time provide an extremely uniform high 





35 



igtn exe C «-^^ wnich fails in 

As a clear example of sue* a sys 

r pf er ence may be made to the foregoing 
bot h ^^'^^vhic^ discloses an electrostatic 
XKS. patent 4,675,029, whl ^ ^ 

T^-reciDitator having an inner exev. 

discs naving static discharge projections extending 
raalally therefrom. The discs extend radially from the 
i^er mast outwardly toward the inner surface of a 
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collection tube vail to provide a small discharge gap. 
As a result, the discs present an interference with the 
free flow of gas through the collection tube, thereby 
increasing back pressure in an undesirable manner. Even 
m0 re importantly, the discs are not particularly uniform, 
and thus an inefficient operation occurs. 

Thus, it would be highly desirable to have a new 
electrode arrangement for an electrostatic precipitator 
which would increase greatly the efficiency of its 
operation. In this regard, the inner electrode should 
not present an undue impedance to the flow of gas through 
the collection tube, and at the same time, present a 
highly uniform electrostatic field, 
rn rr t nB iira of invention 
LB it is therefore a principal object of the present 

invention to provide an electrostatic precipitator and 
method of using it having high intensity ionization 
electrodes for providing a uniform electrostatic fxeld 
for more efficient and effective particle removal. 
20 it is a further object of the present invention to 

provide such an electrostatic precipitator an* method for 
greatly reducing impedance to the flow of fluid to be 
cleaned through the precipitator. 

Briefly, the above and further objects of the 
25 present invention are realized by providing a new and 
improved wet precipitator and method to enable it to be 
operated more efficiently and effectively. 

A wet electrostatic precipitator and method include 
the use of concentric electrodes, the inner one of which 
30 includes a discharge disc extending a short distance 
therefrom toward the outer electrode to reduce the 
impedance to waste gas fluid flow. A relatively large 
number of discharge points on the outer periphery of the 
disc provides a large number of radially extending 
35 discharge paths to the outer electrode, in a very uniform 
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in a preferred form, a large number of 
manner, m a t> utilized to produce a 

^viduai £££££ ^nunber of discharge 

"HTl Teci eXy d^ernined because if the disc were 
points xs precis y appr oach a smooth 

5 to have too many poxnts, the in Mint aining a 

outer periphery £ £ > lead to a condition 

^lr« inu^ discharge, and Xee. unifomity in the 

0 ^Ing ^i^o,, of praviam ots ana feat ures 

The above mentioned and other 3 
or this invention and the manner of »«»^ 
becon . apparent end - 

accompanying drawings, wherein: 

FIG . x is an ^ - 

:?^^r~ .~-*«~ being mustratea 

• » waste aas treating system; 
20 " V an enlarged sectional view of the system 

FIG. iiv on line 2-2 thereof; 

of FIG. 1, taken substantially on 

FIG 3 is a greatly enlarged plan view of a 

! 4 ! of the circled portion of the precipitator 
discharge disc of tne circx 

25 ° f FI ^ G 2; 4 is a fragmentary sectional view of another 

imitator which Ts also constructed according to the 
precipitator, whi pair of ^ 

invention, and which is snown 



30 



35 



4A is a fragmentary sectional view of another 
° * * • -4-,4-«t- which is also constructed 

accord g conC entric electrodes; 

wi th oniy - entary sectional viev of stilX 

mother fom of a precipitator, which xs 
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according to the invention and which is shown with oniy 
one pair of its concentric electrodes, 

FIG. 6 is a fragmentary sectional view or y 
another form of a precipitator, which is also constructed 
acceding to the invention and is shown with only on. 
oair of its concentric electrodes; and 
P FIG. 7 is a greatly enlarged view of the circled 
portion of the electrode of FIG. 3. 

.. .. far caaaiag est *»« Tnventiog 

fi£2t ^ r 7 n 71^ro7awings. end more particularly to 
FXG. 1 thereof, there is shown a wet scruhhing system 10 
naving an inlet 11 in en upper portion 22 of a generally 
cylinLical housing 24 confining a wet electrostatic 
Precipitator ... which is constructed in "cordanc. with 
present invention. Wast, gas enter, the system 10 at 

„.„,„h > cvlindrical conduit 13 into 
an inlet 11, passes through a cylinori .„.„„„*„. 
th. upper portion 22 where the waste gas is saturated 
a finely atomized spray of an additive, such as 
^ e^ivered hy an atomizing nozzle 1. which is held 

,4- t u and which is shown 
in place by a nozzle plate 14 , ana wnxui 

^grammatically to include . pair of opposed nozzle.. 
£„. saturated gas then passes into the housing 24 

The electrostatic precipitator 20 produces an 
electrical field through which the saturated waste gas 
nust pass, .uring passage, particle. £ th. wast. 



r^ct^ll/charged.- - Pa—-^ - 
oppositely charged electrodes o, the P-cipitator and 
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oooositeiy cnaryeu 

hereby removed from the waste gas stream. The waste 
^as. now cleaned of the particles passse ^rough a 

lister m. ^J^ZVl Th. 
240, for removing moisture " OBl 

clean gas generally follows a flowpatn P into a 
cylindrical clean air conduit 26 connecting an outlet 28 
to the interior of the housing 24. 
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Ouring operation, water under pressure 

addition, the water washes paro Th 
thereby sweeping away particle, »f «f "'^^ ^' 
s water separated fro. the gas in the demister DM flows 
"to a runnel shaped portion 48 and. as a 
containing particles re-oved fro, the waste gas strean 
containing s delivery nay be 

flows out through a port 33. warer L,.,. 
continuous or intermittent, depending on particle 

" "'"considering now the electrostatic precipitator 30 in 
„,- e ater detail, with reference to FIGS. 1-3, the 
Static precipitator 30 has a ^ 
Ld outer concentric oppositely poled elongated 

„,^h as inner and outer electrodes 35A and 

15 electrodes -h a. inner ^ ^ ^ ^ 



20 



w * . thin the interior ox we 

31 respectively, disposed witnin tne a 

nosing 24 and extending in the direction of movent of 
sprayed gas flowing therethrough. A power supply P 

electrodes are grounded, to cause a corona 
llschargelo occur between the concentric electrodes, 
pouter electrodes are all similar to one another and 

.. n win now be described in 

t „ tne outer electrode 31 win now 
only "J e uu , . - i n the form of 

. The outer electrode 31 is in tne 
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greater detail, xne ou~~ ~~~ ^ _ 

rongitudinal axis of the electrode. The tub. 31 is 

chanically and electrically supported between top and 
„chanically an col i ec tor tube 31 collects 

cnarg^p S clestring systen 10 operation. Xt nay 
t tTa» internal diaeeter ranging fro- " 
ab out 12 inches. !n a preferred system 
constructed, the collector tub. 31 has an internal 



^ of a-ut - inches, and is about ten feet in 



35 length. 
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As best seen in FIG. 1, a bus bar 42 is disposed 
within the housing 24 and is electrically isolated from 
connection therewith by insulators, such as the insulator 
43. suspended from the bus bar 42 and electrically 



connected are the individual like inner electrodes, such 
as the inner electrode 35A. The inner electrodes are 
each fixed in concentric alignment with the corresponding 
collector tubes, and extend from the bus bar 42 
terminating at their bottom distal ends (not shown) 

10 spaced above the plate 59. 

The high voltage power supply P is electrically 
connected to a power supply input 44 for delivery of 
negative electrical energy to the bus bar 42 to create an 
electrostatic field between the inner electrodes and the 
15 grounded outer electrode tubes. It has been determined 
that the system works well with a field strength of about 
6KV/cm, for effective particle removal. The ends of the 
bus bar 42 are positioned within a pair of similar 
insulator purge boxes 4 6 and 46A. The insulator box 46 
20 has the power supply input 44, and an inlet 47 through 
which heated dry air may be delivered into the hollow 
interior of the box 46 and out its outlet 47A connected 
in fluid communication with the interior of the housing 
24 for purging the box 46 of moisture and for 
25 maintaining the bus bar 42 in a substantially dry state. 
The other box 46A also is purged in a similar manner. 

During operation of the system 10, additive 
introduced through the nozzle 16, flows along the 
surfaces of the collector tubes, thereby washing away any 
30 particles deposited on the surfaces of the 

Thus, in large measure, the system 10 is substantially 
self cleaning during the particle removal operation. 
However, the system 10 may be adapted so that the 
surfaces of the electrodes can be cleaned of particles in 
an easy and convenient manner, without disassembly of the 
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syst e». in this case, water under pressure is ^Uvered 

a plurality or nozzles, sue. a. a nozzle 34 The 
such as the nozzle 34. are connected in fluid 
^icezlon with . ~nifold 3, disposed in the app- 
ortion „ o f the housing upstrea* o precipitator 

,o An external connector 36 is aaapi- 

"ze/oelivery line (not shown, for emitting water or 

oth er suitahle cleaning »*U ^ 

. ^ «i fphe nozzles 34 axrecc we wow 

!reesure .deadly through the interior of the housing 
H zcr cleaning the syste* hy removing particles fros the 




considering now the inner electrodes in 9rea*er 
detail only electrode 35A will now be descried since 

other inner electrodes are similar to it. As shown 
2 FIGS. 1-3. the electrode 35A is in the for* of an 
electrically conductive elongated rod or discharge sast 
M Sally aligned with, and centered disposed with n, 
iL'ollector tuhe 31. Discharge discs 38, 39 and 41, 
Z ToLted on the sast electrode 3 2 . in a spaced apart 
relationship along the top portion thereof. In the 
systes actually constructed, the discs ere spaced at 

approximately one foot ^ electrically 

The discharge discs 38, 39 ana »i ■ „ . 
and »echanically connected to the sast 32 so that the 
=lane of the disc is transverse to the longitudinal axis 
t zte Electrode 3 2 . Bach discharge disc is thin, and in 
1 constructed syste.. is approximately 1/8 inch thicK. 



The discs are preferably construct — » 

Metrically conductive material such as stainless steel 
It is recognized, of course, that materials s 
zirconium and titanium are also suitable. 

considering now the discharge disc 38, for example 
in greater detail, with reference to FIG. 3, the^sc has 

number of radially extending sharply pointed 



35 a large 
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projections or points, such as the points 73 and 77 to 
enaole an individual corona discharge to be established 
between the radial discharge points and the inner surface 
of the collector tube. In this manner, a uniformly 
5 distributed electrostatic field is established, due to 
the sharpness of the points and the relatively large 
number thereof for a given circumference of the disc. 
Also, the diameter of the disc is only somewhat greater 
than the diameter of the mast, to provide only a small 
10 impedance to the flowing wet gas therepast. Thus, in 
accordance with the present invention, each 
disc is able to not only provide a uniformly distributed 
electrostatic field, but also a low impedance to gas 
flow As a result, the precipitator is highly efficient 
15 and effective in its particle removing operation 

Arcuate shaped interconnecting web portions, such as 
the portion 75, are concave in shape, and join the 
discharge points along the peripheral edge of the disc. 
As shown in FIGS. 3 and 7, each of the points, such as 
20 the point 73, has a pair of curved opposite side edges 

73A and 73B. As shown in FIG. 7, the side edges 7 A and 
73B form an included angle T of between 55' and 65 , with 
a preferred range of 59- to 61« and a most preferred 
anale of 60'. In the system which was constructed, each 
25 of the side edges 73A and 73B has a radius of curvature 
ranging from about 0.009 inches to about 0.111 inches, 
with a preferred range of about 0.110 inches. 

It has been found that increased system efficiency 
and economy are achieved when the disc 38 has a large 
30 number of points disposed along its periphery. In the 
constructed system, the disc has 50 
the periphery of the disc 38. The corona 
produced is very stable and the electrostatic field is 

F . . _ i T « ariri-f-M on . field 



««« • i„ narticie iCluw .u.. In addition, field 
more efficient in carticie ieiuvJ • 




35 



fluctuations are significantly diminished. 
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Tbe relative dimension, between the discharge disc 
38 and the Bast electrode 32 are found to he critical, 
discharge disc should he sufficient!, small to 
present low impedance to the gas flow ground it. yet 
Lmable of maintaining a high intensity uniform 
capable or discharge disc 38, as best 

n has been found that in une a 

L FIG 3 a tip to tip diameter dimension D, is 

about i 575 to about 1.825 times the rod diameter 
between ^ ^ of ^ ^54 to about 1.76, and 

d Wit : l^TLSc. D being about 1.7 times the 
a »ost P^ fer ^ d \ n the construc ted system, the disc 38 

rod diameter d is approximately 2.0 inches. 

It has been found that the 1.7 ratio is critical. 

i~ *> is too large, the disc presents too 
If, for example, -5 is wo » 

to aas flow, and thus precipitator 
hiah an impedance to gas ij-ww, . . = _ 

h ^ pncv is reduced to an unacceptable level. Also, 
C ITZ "isc diameter is too iarge for a ^diameter 

Ba st, spares «and ou^-roT. ~ 

established between the inner ana outfit 

low a voltage. Also, in small diameter masts, 
relative to the else of the diameter of the disc, 
unwanted coronal discharges fro. the mast itself are 
unwanted c =DUrse it is desirable that the 

nroduced, when, of course, ±>- 

discharge emanate from the disc electrode. Such 
discnarge electrical ene 



discharge emanate . ^. , enGrQV 

M t-v«s arc wasteful of electrical energy 
discharges or sparks are wast par ticle removal 

and, in addition, lead to an inefficient particl 




on°the other hand, where the disc/mast relationship 



O 



3o - 









the tube wall is not readily established and 
in a desired manner. 
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Another critical consideration with regard to the 
precipitator 20 of the present invention is related to 
the number of discharge disc points 73 per mast 
circumference inch. It has been found in the constructed 
system for example, that 50 discharge points per 
discharge disc are preferred, when D « 3.4 inches and 
d - 2 inches. In this case, the number n of points per 
ma st circumference inch is about 7.95. While this is a 
most preferred value for n, it has been found that ranges 
of 6.2 to 8.8 and 7.6 to 8.4 are also suitable. In the 
case where system operations may require a mast diameter 

which is more or less than 2 inches, the desired number n 
of discharge points per mast circumference inch, can be 
dily calculated from the formula n-f^ where d is the 



15 new mast diameter. 

Considering now the tube electrode 31 in greater 
detail, with reference to FIGS. 1 and 2, the electrode 
in the constructed system, has an inside diameter of - 
inches. In this case, a preferable mast diameter is 

20 about 2 inches for maintenance of a uniform electrostatic 



With regard to the radial spacing distance S (FIG. 
2) between the collector tube 31 inner wall and the 
periphery of the discharge disc 38, the formula for a 
25 preferred spacing would be: 

S = D t -D 

where S is the distance between a tip of one of the 
points of the discharge electrode and the inner wall, D t 
is the distance between the inner wall and the axis of 
the mast electrode 32 and D is the maximum point tip to 
30 point tip dimension of the discharge disc 38 (FIG. 3). 
Thus, in the constructed system, the collector tube 31 
has an internal diameter of about 10 inches, application 
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. c that a suitable distance S would 
of the formula reveals that a ^ & preferred 

be fr o» about 3.0 incbes to 3 . ^ ^ & ^ 

range being about 3.2 to aoo 

r,ref erred distance about 3.3 inches. 

preferr disc harge disc 38, the 

colle'crTe 1 and the -St » ere ma*. - -ultahl. 

resist. ^c^e a. 



stainless steel. depicted 

^ Zo which is' -so — according to 

r^Lent — n. ih. precipitator 120 is generally 

ion of the collector electrode 131. 



configurer illustration 

" onlV one^f . Pair of concentric electrodes 135 
P Tl31 r^Uively. The other liXe electrode pair. 
£ Se'o^er portions of the precipitator 12C ere not 

shown for saK. of simplicity- ^ inner 

The inner electrode 135 is si . lM 

.. ,«» o* pig 1. ana includes a mast 132 having 
electrode 35X of FIG. 1. 
spaced apart discharge discs, such as 



disposed thereon. gener .lly rectangular in cross 

Tout its length and L comprised of four 
Se :: i0 ^i:r te Transverse cross sectional shape is 
r L V s^are. While the electrode 131 operate, in a 



30 



preferably sguere. ^ e i ec trode 31 of FIG. 1, 



electroae — - In this 

-. • ^,'rsnv shaped electrode 31 or 
cylindricaliy snap e i ec trode 132 having a 

form of ^ -^HU^Wrhereon is centrally and 
SS SSS. within the scared tuhular collector 



35 electrode 131. 
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Referring to FIG. 4, there is shown another 
electrostatic precipitator 62C which is constructed 
according to the present invention. The precipitator 62C 
is generally similar to the precipitator 20 of FIG. 1 in 
5 structure and particle removal function, except for the 
shape of the discharge discs. Thus, only a portion of 
the disc and the mast are illustrated. 

The precipitator 62C includes an inner electrode E 
having a mast 55C and a discharge disc 38C. A large 

10 number of discharge points 81 are arrayed along the 

peripheral edge of the discharge disc 38C. The discharge 
points 81 are each defined by a generally curved side 
edge and a straight side edge to provide an asymmetrical 
discharge point. For example, a point 82 is defined by a 

15 curved side edge 83A and a generally straight side edge 

8 3B 

' As previously described with regard to the electrode 
disc 32 of FIG. 1, it is critical to have a large number 
of discharge points arrayed around the periphery of the 
20 disc. The preferred number of points may be calculated 
according to the foregoing formula. 

Referring to FIG. 5, there is shown yet another 
electrostatic precipitator 62D which is constructed 
according to the present invention. The precipitator 62D 
25 is generally similar to the precipitator 20 of FIG. 1 in 
structure and particle removal function, except for the 
shape of the inner electrode discharge discs. 

The precipitator 62D of FIG. 5 includes an inner 
electrode F having a mast electrode 55D and a discharge 
30 disc 38D. The disc 38D includes a plurality of 

peripherally arrayed, radially extending points 86 
disposed on the outer edge of the disc 3 8D. Each point 
is defined by a pair of generally straight, unequal 
length side edges forming a V shaped discharge point. 
35 For example, a point 86A includes a side edge 84, whxch 
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is approximately twice the length of if other 

85 ' x» the case of the precipitator 6 2 D and as discussed 

*-« the disc electrode 32 of FIG. 1, it is 
. SSJSTt. "a« a large number of points arrayed aronnd 
the pinery of the disc 38D. The preferred number of 
Z int* may he calculated according to the foregoxn, 



10 62E 



As shown in FIG. 6, an e 
^ is illustrated and is constructed 
present invention. The precipitator 
similar to the precipitator 20 of FI 
particle removal function, except 



according to the 
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1 in structure and 
the shape of the 



The precipitator includes an inner electrode I 
having a mast electrode 55E and a discharge disc 38E. In 
ttls form of the invention, the disc 38E include. . 
frailty of spiHe shaped discharge points, such as the 
plurality p ai radially outwardly from the 

discharge point 88, exxenamy 

j,.- is* in a olane transverse to the axis or 
discharge disc 38E in a pj.= „,_„«. the 

the mast electrode 55E. In e preferred embodiment of the 
precipitator 62E, the length 1 of the spi*e 86 is 
approximately equal to the width w of an annular hub B 

the disc electrode 38E. 

The electrostatic precipitator of the present 
mention has many significant advantages. In the first 
olace it produces a high intensity ionizing electrode 
configuration to concentrate the charging "eld in the 
Ze between the disc and the collecting tub. electrode- 
^us, the performance of the system exceeds conventional 
aesigns and results in more efficient operation, 
rurtner, the disc configuration provides excellent 
coHect on of particulate matter over a broad spectrum of 
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While particular embodiments of the present 
invention have been disclosed, it is to be 
that various different modification, are possible and . 
contemplated within the true spirit and scop, of the 
Upended claims. There is no intention, therefore, of 
Imitations to the exact abstract or disclosure herein 
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What is claimed is: 

1. An electrostatic precipitator for removing 
particles from a gas stream comprising: 

an inner and an outer electrode; 
5 power supply means for supplying discharge 

potential between said inner electrode and said outer 
electrode to cause a corona discharge therebetween, 

said inner electrode including an elongated 
sl eeveless one piece unitary mast having a diameter d and 
xo a plurality of spaced apart like discharge discs, each of 
1 ^Id Lscs having a number of individual discharge points 
to provide individual electrostatic discharges between 
individual points and the outer electrode to form a 
uniform electrostatic field wherein the number of 
discharge points per mast circumference inch equals at 

substantially ^ where d equals the mast diameter 

measured in inches, and wherein a diameter ratio value of 

is between about 1.6 and about 2.0 where D is the 
distance measured in inches between diametrically 
20 point tips, to provide a thick, sturdy mast for 
purposes and to provide a relatively large numb 
discharge points per mast circumference inch. 

2. A precipitator of claim 1, wherein | is 1.85. 

precipitator of claim 1, wherein -| is 1.70. 

1, vherein said outer 
configuration and 

and concentrically 





number of 



3. J 

4. A precipitator of 
electrode has an elongated c 
said inner electrode is 
aligned therewith in a spaced 







5. A precipitator of claim 1, wherein said 

longated configuration, rectangular in 



an e. 



section, and said inner electrode is coaxially 
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aligned therewith in a spaced apart relationship 
therewith. 

6. A precipitator of claim 1, wherexn said 
electrode has an elongated configuration, generally 

5 square in cross section, and said inner electrode is 
coaxially aligned therewith in a spaced apart 

relationship therewith. 

7. A precipitator of claim 1, wherein said 
discharge disc has a plane transverse to the axis of 

10 inner electrode. 

8 An electrostatic precipitator of claim 1, 

wherein said points are arrayed in a plane transverse 
said roast. 

9 An electrostatic precipitator of claim 4, 
15 wherein said outer electrode has an internal diameter 

between 8 and 12 inches. 

10. An electrostatic precipitator of claim 4, 
wherein said outer electrode has an internal diameter 

about 10 inches. _ 

11. An electrostatic precipitator of claim l f 

wherein the distance S between the inner wall of the 
outer electrode and the tip of a discharge point is 
calculated from the formula S = D t - D where D t is the 
distance between said inner wall and the axis of the 

25 mast. . _ 

12 An electrostatic precipitator of claim 1, 

wherein' said outer electrode is generally rectangular in 



(Amended) A method of precipitating particles 

30 from a gas stream comprising: 

using an electrostatic precipitator having 
inner and outer electrodes, the inner electrode including 
a mast having a diameter d, and a plurality of like 
discharge discs, each of said discs having a number of 



35 



dlscnarge ux»^=>, — — 

individual discharge points wherein the number of 
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points per mast circumference inch equals at 
least substantially || where d equals the mast diameter 

in inches, and wherein a diameter ratio value of 

about 1.6 and about 2.0 where D is the 
measured in inches between diametrically opposed 



establishing an electric discharge potential 
the inner and outer electrodes? 

flowing the gas stream under pressure through 
10 the electrostatic discharges to cause unwanted particles 
to become electrically charged? and 

removing the charged particles from the gas 



14. A method according to claim 13, further 
including forming a particle containing sludge and 
removing the sludge from the precipitator. 

15. A method according to claim 13, including 
. Ventrical field strength of about 6KV, 




16. A method according to claim 13, including 
saturating the gas stream with moisture. 

17. A precipitator according to claim 1, including 
means for saturating the gas stream. 

18. A precipitator according to claim 1, i 
25 means for providing electrical energy to said ' 

electrode to cause a coronal discharge between the inner 
electrode and the outer electrode. 

19 A precipitator according to claim 1, including 
a housing, a bus bar disposed within said housing and 
30 means for electrically isolating the bus bar from the 

housing wherein the bus bar is electrically connected to 
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20 A precipitator according to claim 19, including 
for maintaining the bus bar in a substantially dry 

21. A precipitator according to claim 20, including 
for flowing heated dry air under pressure 



10 



bus bar for maintaining it in a substantially dry 

22 A precipitator according to claim 1, wherein 
each of said discharge points has a pair of curved 
Ipfostte side edges, said edges forming an inclined angle 
of between 55° and 65* • 
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Fig. 2 




SUBSTITUTE SHEET 



WO 92/19380 



PCT/US92/02999 ' 




SUBSTITUTE SHEET 




JNXEBNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(5) :B03C3/Ol 

== !=== — — " = 1 ' 1 ' 

U.S. : 055/122, 146 



Electronic daU 



base consumed during the international 



lonal search (name of data base and, where practicable, search terms used) 



C r^riT MTINTS CONSIDERED TO BE RELEVANT 

C^, ^tion of document, with mcicaoon, where ^ ^ 

, a, 4.247,307 <CHANG) 27 January 1981, See figures 2 and 6a. 
, A, 4,194.888 (SCHWAB ET AL) 25 March 1980. See column 4, lines 17-23. 
, A. 4,389.225 (WILLETT ET AL) 21 June 1983. See column 2. lines 26M9. 



X 
Y 
Y 



US, 

us, 
us, 



Relevant to claim No. 

1-22 
1-22 
1-22 



listed in the continuation of Box C. 



P~| Further documents are 

doCTJM n 1 acfain i — of which - »ot 

. «rfo documenting on oi after d»c inttrMOO^ fdinj <U* 

sard's p^r- stt^^ 

• 0 . document .ferric, to - o«l «e. exhfcmon or other 

T 



"A* 
•F 



Date 



docimmlpU bU*«d prfox to ft. filio, d-c hut Uur 

iht priority cUimtd , — ,. 

of the actual completion oi the international 



30 JULY 1992 
W»shin$ton, D.C. 20231 

, p.-;^ No. NOT APPLICABLE 
Form PCT/1SA/210- (second shect)(July 1992)* 



j j See patent family annex, 

^ ^r^\Mhcdm^^'mu m xi O 0Ml filing dau or priority 

date and ^&wijh^U^ cued to undcreiand ft* 
principle or theory undcrtynf ibe mvenao* 

of particular relevance; me claimed fevention «nnotbe 
acr^rLnfor^Lot be cooaidered to involve an mveoove top 



when me document it taken 

« — s_.i.. m Wm«: the claimed invention cannot be 
document of prtcukr """T^J^ ™ wheB the document » 

otter *ucb documents, ■neb combination 

bcmgobviou.tri.FeraonnkilW 



considered to i 
combinod with one or 



document 



of the eamc patent ramtty 



Date of-mailing of the international search report 

11 SEP 1992 

Authorized officer )^ ^r^^L^^^ 

BERNARD NOZ1CK 
Telephone No, f703) 308-3792 



i i 



THIS PAGE BLANK (uspto) 



